






H7 K7D3>FW RD7F;? E3:3>3DW@63 3FW= A>3D3=
P7HD7K7E3>W@3@3E;6;=?367@EG>3DW H743=WD




=;D>7F?7=F76;D	 G F;B 3FW= EG>3D 3E;6;=
=3D3=F7D>;6;D H7 P7HD7 =;D>;>;
;@7 @767@ A>3@
a
WD ?7F3>>7D; 67 ;P7D?7=F76;D	 G @767@>7
6A
3>3=3DEG>3D3H7F3DW?E3>3>3@>3DW@ EG>3?3
EG>3DW@3 3E;6;= ?367@ 6D7@3< % 
EG>3DW@W@ 4WD3=W>?3EW, yerel göletlerde 
:34;F3F>3DW@ H7 53@>W 43>W=>3DW@ 3E;F>e 
K3@?3EW@3@767@A>34;>?7=F76;D	  
 
2. AS	D	K MADEN DRENAJ SUYUNUN 
NÖTRAL	ZASYONU 
E;F ?367@ 6D7@3<W 3E;F>; ?7F3>;= ER>83F>W
L7@9;@ 3FW= EG>3DW@ P7HD7E7> 3PW63@ 4RKR=
EADG@ K3D3F?3=F36WD	 G F;B 3FW= EGlar, 
93>H3@;L>7?7 EWLW@FWEW H7 F7D?;= E3@FD3>>7D67
4353 93L>3DW@W@ KW=3@?3EW 9;4; P7itli 
7@6REFD;K7> ;lemlerin yan ürünleridir 
"A:@EA@ 	 G FRD 3FW= EG>3DW@ 43>W53
RD7F;5;E; ?367@5;>;= 7@6REFD;E;@67 ?7K63@3
gel?7=F76;D H7 F3DW?E3> H7 P7HD7E7> te:6;F 




3E;6;=F;D	 G FRD EG>3D 97@7>>;=>7 KR=E7=
=A@E3@FD3EKA@63 ?7F3> 67?;D 3>R?;@KG?
H7 ?3@93@7L H7 ?G:F7?7>7@ 6;
er a
WD
metalleri H7 ?7F3>A;F>7D; =; =36?;KG? 
#3L3@ ,343@ #R>R ;>7 E;6;= %367@ D7@3< % +G>3DW@W@
&QFD3>;L3EKA@G - % 'D93@;=  G?3F M3?GDGK>3 ,3DW?
>3@>3DW@W@yileF;D;>?7E; 
AMD Neutralization by Bottom Fly Ash - Remediation of 






ÖZET E;6;= %367@ D7@3< EG>3DW 97P;D;?E;L :3HGL>3D63 FAB>3@3D3= 3E;6;= @;F7>;
i
nötrletirme ilemi ile nötr =3D3=F7De dönüFRDR>?7E; ve :3H3>3@6WDW>?3EW 97D7=F;D?7=F76;D	
,3DW?3>3@>3DW@W@;K;>7F;D;>?7E;;P;@=G>>3@W>34;>757=:G?3F;>3H7E;E3
>WK3@P7itli yöntemler




3PW=3@H93?3EK39Q>7F;@67=;% EG>3DW@W nötürleF;D?7= ;P;@
=G>>3@W>3@=;?K3E3>H74;KA>A<;=KQ@F7?>7Dile nötürleF;D?7E3
>3@?3>W6WD	G;lem ile metal
;P7D;=>7D; ?;@;?;L7 76;>7D7= 3E;6;= B  3,5 3FW= EGKG GPG5G =R> H7 K7D7> =;D7PF3>3DW ;>7
nötrletirilebilmiF;D	 G P3>W?3 =;D>; 3E;6;= EG>3DW@ =;?K3 E3@3K;@67 H7 F7=EF;> BDAE7E
F7E;E>7D;@67 3FW= EG>3D63 A>6G
G 9;4; F;=;nerde =;?K3E3> @QFD3>;L3EKA@ H7 :3H3>3@6WD?3
ilemlerini ;P7D?;tir	 
ABSTRACT ,:7D7 ;E 3H3D;7FK A8?7F:A6E F:3F 53@47GE76 FA ;?BDAH739D;5G>FGD3> 3D73E
3@6355AD6;@9FAF:;E%@7GFD3>;L3F;A@?7F:A6	!@F:;EEFGdyF:7D7waE3@776FA;?BDAH7
87DF;>;L7D?G6 3E4K-BDA6G5FA8%FD73F?7@FI;F:GE78>K3E: 3@6EA;>4K7>;?;@3F;@9metal
78875FE	 ,:7 A55GDD76 % I3F7DE ;@ H93?3EK3 $3=7 WD@3= A8 3EB:3>F;F7 ?;@7E I;F:
35;6;5 B  	 53@ 47 @7GFD3>;L76 by 8>K 3E: 3@6 >A53> >;?7EFA@7E 4K GE7 5:7?;53> 3@6






i için çevreye ek bir 
tehlike oluFGD?3=F36WD	  KW>W@63ki 
verilere göre 	 =? 3=3DEG H7 @7:;D H7
ve 	 :7=F3D>W= 9Q> H7 D7L7DHG3DAMD  
3FW= su>3DWK>3 5;66; ekilde kirlenmiF;D	




inin ?;=F3DW@W tespit etmek 
9RPFRD	 WD@3= ;>; =Q?RD A53
W E3:3>3DW@63@
3E;6;= A53= EG>3DW B   5;H3DW@63 A>353=
ekilde çevreye etki etmektedir ve 
iyileF;D;>?7E; H7 43>W= RD7F;?; ;P;@
resFAD3EKA@GB>3@>3@?3=F36WD(7=;>	 
 
ekil 	 +WD@3= #Q?RD %367@ +3:3EW@63=;
3FW= 3E;6;= EG 9Q>7F 3>3@W 43>W=PW>W= ;P;@
AMD iyiletirmesi 
2.1 Kireçta7 0(*!7,) 0"
'-%!-1+* 
2.1.1 Kimyasal Oksidasyon 
3=WD ER>8RD A53=>3DW RD7F;?; H7 ER>8RD>R




oksidasyonu olu?3=F36WD	 K@W ekilde, 
=Q?RDK3F3=>3DW67
i=7@97@7>>;=>7-
miktarda Pirit  (Markasit gibi di
er demir 
ER>8ür minerallerini) de  ve organik kükürt 
içermektedir	 
G ?7F3> ER>8RD>7D;@ ADF3= @QFD3>;L3EKA@
i>7?; =;D7P =AEF;= =;D75; 3KDW53 kükürt 
giderme67=G>>3@W>3@E3@FD3> GPG5G=R>RH7K3
ADF3 =R>R 9;4; K7D7> 3FW=>3D>3
gerçekletirilebil;D	 Demir çökelmesi (pirit 






Piritin asidik gölet veya KRL7K 3=W?>W sulu 
PQL7>F;>7D67 oksidasyonu QL7F>7K7@ ve 
EW=>W=>3 kabul gören reaksiyon aa
W63=; 
ekilde geli?7=F76;D	(E;F>;= 
Pirit oksidasyon EA@G5G aa
W63=; tepkimeler 
EA@G5G 87rrik’e oksitlenmekte ve ilem 
EWD3EW@63 3KDW53 ara ürün olarak 3PW
3 PW=3@ 
indirgenmi kükürt bileiklerinin 
oksidasyonu sonu5G ER>83F bileikleri 
olu?3=F36WD	 
7+ '  '7'  +'- 
+ 6' -   
&3+#+3'  '+'-  &3' #' 3+'+ &3
#+'' 67'   () 
 
1@+  '   ' 1@ +''  + +'- + 6' -  
 
G+ '  ' G +''  + +'- + 6' -  
 
2.1.2 Biyo Oksidasyon 
Pirit mineralinin kimyasal  oksidasyonuna 
=3F=W634G>G@3@4;DA=E;63EKA@6GD	NL7>>;=>7 
B   ve RL7D;@67=; de
erlerde, kimyasal 
olarak veya biyolojik olarak Gallionella 
87DDG9;@73 tip 67?;D A=E;F>7K;5; 43=F7D;>7D 
7F=;>; A>?3=F36WD	 @53= B  ;@ 3>FW@63
de
erlerde biyolojik demir oksidasyonu 
Q@7?E;L6;D +FG?? H7 %AD93@  H7
ADF3 67D75767 H7 3WDW 67D75767 E;dA8;>;=
demir okE;F>7K;5;43=F7D;>7D;@AMD suyunda 
7F=;>; A>?3=F36WD "A:@EA@ 3@6  3>>47D9
	 07D3>FW@63 4;D;=;@F; sular KRL7K7 
pompalan?3EW;>7veya terk edilmiA53=>3DW@ 
birikintileri 6W3DW pompala@6W
W L3?3@ =;D>i 
3FW=EG>3D K7D3>FWEGKG@3=3DW?WFWD (Younger 
ve di
7D>7D;  &73> H7 3D=	 	
NL7>>;=>7birikmi3E;F>;FGL>3D PQLR@6R
ünde 
63:3 83L>3 =;D>7F?7 7
ilimi göL>7@?;F;D	 
>3D=7	 
Asidik % EG>3DW 3FW= 43D3<W KW
W@>3DW
içersinde veya ?367@ 3FW=>3DW eklinde de 
olu34;>;D	GD3636;==3F76;>?7E;97D7=7@en 
önemli husus,  4G F;B 3FW= 43D3<>3DW@W@
BAF3@E;K7> GLG@ ERD7>; bir kirlilik 
oluFGD?3EW6WD	 FW= barajlarW 67HD7 6WW
4WD3=W>6W=F3@ EA@D3 kirlilik KW>>3D53 ERD74;>;D	
Genellikle AMD EG>3DW@W@ B VW  üstünde 
A>34;>;D	 7?;D H7 ?3@93@7L EQL =A@GEG
oldu
unda, bu metaller genel olarak 
;@3@W>?3L67D75767B W6Rürmektedir (7+ 
ve Mn+) iyonik olarak bulunur ve daha 
KR=E7=B 63F3mamen oksitlenmi7 ve 
Mn + ;KA@>3DW@3 =WK3E>3 PA= 63:3 =3D3D>W 
:3>67 EG>G ADF3?>3D63 4G>G@?3=F36WD	 3LW
AMD su 3=W@FW>3DW @QFD-alkali B   halde 
de
iim göstermitir	 Tüm metallerin 
PQLR@R?R QD@7= A>3D3= demir, alüminyum 







e karW 67@97>7?7=tir; 
Esas olarak kireçta>3DW K3K9W@ A>3D3=
=G>>3@W>WD H7 =;?K3E3> A>3D3= =3>E;KG?
=3D4A@3F PQLR@?7E;@67@ =3K@3=>3@3@
4;=3D4A@3F  '3) – 4;P;?;@67 @QFRD>7tirir. ;KA>A<;= i>7?>7D 67 % su 3=W?>3DW@63
alkalilik oluturulabilir.  
Aerobik sulak alanlar 
AeDA4;= EG>3= 3>3@>3D 97@7>>;=>7 @7F 3>=3>;@
A>3@ EG>3DW? F7?;L>7?7= ;P;@K3BW>WD	G@G@
@767@; ;P7D;E;@67?7K63@3 97>7@ ;K;>7tirici 
F7B=;?7 67?;D>; 67?;D;@ A=E;63EKA@G H7
63:3 EA@D3 RD7F;>7@ 87DD;= 67?;D;@ :;6DA>;L;
@7F4;D3E;FRD7F?7D73=E;KA@G6GD 
4Fe2+ '2  2=4Fe3+  2'  
4Fe3+  2'7' 3  2   








'=E;63EKA@ 3DF>3DW@W =ADG?3= ;P;@ 37DA4;=
EG>G 3>3@>3D KRL7K EG 3=WW ;>7 P3>W3@
@;EB7F7@ EW
 E;EF7?>7D6;D	 %3=DA8;F>7D EG
3=WW@W 6RL7@>7?7= ;P;@ QD@7
;@ =3@3>
oluFGD?3KWQ@>7?7= ;P;@7EF7F;=@767@>7D>7
7=;>;D>7D H7 4;D;=7@ 87DD;= PQ=7>F;>7D; =GDGD
8;>FD7>7?7=H7 EF34;>;L7 7F?7= ;P;@ 6;=;>;D>7D	
KDW53 =3FW 83L 87DD;= 67?;D 4;>7;=>7D; H7




G 37DA4;= EG>3= 3>3@ @QFD B 67
P3>WW>?3=F36WD	 G B  5;H3DW@63 67?;D;@
=;?K3E3> A=E;63EKA@G 4;KA>A<;= 7F=;K7 9QD7
daha :WL>W ilerledi
i 9QDR>?Rtür. BG@G@>3
4;D>;=F7 @QFDA8;>;= 67?;D A=E;F>7K;5;
43=F7D;>7D;@ H3D>W
W a7DA4;= H7 3@37DA4ik 
sularda 3>>;A@7>>3 87DDG9;@73 H7 AD93@;=
A>3D3= =A?B>7=E 67?;D $7BFAF:D;J 9;4;
67?;D A=E;63EKA@G@3 =3F=W63 4G>G@6G
u 
47>;D>7@?;tir. KDW53 rs7@;= tehlikesi 
QL7>>;=>7 3E;6;= 3FW= EG>3D63 3@KA@;= E5+ 
E'4)-3 3DE7@3F A>3D3= 9QDR>?ektedir H7 4G 3DE7@;= PA
G@>G=>3 BAL;F;8 KR=>R 67?;D>;
=A>>A;6>7D7 36EADBE;KA@ ile E=ADA6;F;@
7E'4) oluG?G;>7GL3=>3FWDW>34;>?;iir. 
 G 43=F7D; ?G:F7?7>7@ 4G EG>3DW@
3DE7@;=>7D;@;@ GL3=>3FWDW>?3EW@3 =3F=W63
4G>G@?GtGD H7 E34;F K3F3=>W 4;KAD73=FQD
E;EF7?>7D;@67 67?;D;@ A=E;63EKA@G H7
PQ=7>F;>?7Ei sa
>3@?AFWD	 Ferrik Fe B 
	;@ REFR@67 PQLR@?7K7@ 37DA4;= EG>3=
3>3@>3D63 H7 4;KAD73=FQD>7D67 4;KA>A<;=
A=E;63EKA@G97DP7=>7?;tir. 
Pasif biyolojik sistemler:  
A@37DA4;= EG>3= 3>3@>3D H7 =A?BAEF
4;KAD73=FQD>7Ddeki i>7?>7D6;D	 Aerobik sulak 
3>3@>3DW@ 3=E;@7 %@;@ =;D>7F;5; 7F=;E;@; 
9;67D?7= ;P;@ =G>>3@W>3@ =A?BAEF
4;KAD73=FQD>7D67 ?7K63@3 97>7@ D73=E;KA@
3@37DA4;=F;D	 T3?3?7@ L7?;@ E7H;K7E;@;@
3>FW@634G>G@GD	;F=;=3K@3K3@4;F=;=Q=>7D;
A=E;<7@ ;P7D;
;@;@ 3@37DA4;= 4Q>97>ere 
9;D?7E;@7 @767@ A>34;>;D 4G 63 ;@6;D97K;5;
ERD7P>7D3PWEW@63@L3D3D>W6WD	K3F3>;L776;>?; 
D73=E;KA@>3D ile @7F 3>=3>;>;= H7 4;KA<7@;=
ER>8RD RD7F;>?;tir. % 37DA4;= sulak 
3>3@>3DW@ 3=E;@7 ;@6;D97K;5; ADF3?
D73=E;KA@>3DW ;>7 P3?GD H7K3 =A?BAEFG@
ke@6; AD93@;= ?3FD;E;@67 olu?3=F36WD. 
+GKG@ =3FW 83L RDR@>7D; WE>3= FABD3=
PQ=7>F;>7D; ;P;@67 =A?BAEF F3 =3>WD	 3:3
4RKR= 3DWF?3  E3:3EW@3 ;:F;K3P 6GKG>GD H7
GLG@ H367>; bir i>7?6;D "A:@EA@ 3@6 
 3>>47D9 
2.2. Oksidasyon Kinetii 
3:3EW :3H3=WEW?>3DW@63@=Q= E;EF7?>7D;@7
A=E;<7@ 3=WW 9Q@67D7D7= 43LW EG 4;F=;>7D;
67?;D>; 67?;D A=E;63EKA@ :WLW@W 3DFFWD34;>;D	
7DA4;=EG>3=3>3@>3D6367?;DA=E;63EKA@G@
7@ 3LW@63@ =WE?7@ ?;=DAAD93@;L?3>3D
F3D38W@63@ 34;KAF;= H7K3 KA
G@>3FWDW>WB 
3L3>FW>?36W
WdüR@R>?7=F76;D. Eitlik 8 deki 
D73=E;KA@ +FG?? 3@6 %AD93@ 
F3D38W@63@ Q@7 ERDR>7@ EG>G ADF3?>3D63
67?;D>; A=E;F A=E;63EKA@ AD3@W@W F3@W?>3K3@
e;F>;=F;D H7 :7? A=E;<7@ =A@E3@FD3EKA@G@
:7? 67 B  67
7D;@;@ 67?;D A=E;F>7@?7
:WLW@3 etkisi 47>;D>7?;tir. '=E;F>7@?7
=;@7F;
; 3=F;H3EKA@ 7@7D<;E;@7 H7 EW53=>W
a 
ba








   
@53= +FG?? H7 %AD93@ F3D38W@63@
belirtildi
; 9;4;  düük B  
de




2.3. Organik Çamur 
% RD7F;?;@; 7@ 3L3 ;@6;D97?7= ;P;@
Q@7D;>7@ 6;
7D 4;D K3=>3W? 3E;F RD7F7@ H7
3E;6;= FR=7F;? ?3>L7?7>7D; =3DWFWD3D3=
P7HD7K7 L3D3D>W =A?BAstlaD RD7F?7=F;D
%7:>;@9 H7 6;




8AE83F A>3D3= PQ=FRDR>?7E; ;P;@ 3FW= EGK3
8AE83F>3D 3B3F;F 9;4; 7=>7?iF;D	 =>7@7@
8AE83F ?;@7D3>>7D;@;@ @QFRD>7?7 ERD75;@67@
EA@D3 9R4D7 =A?BAEF RD7F;>?;F;D
H3@97>AG  H3@97>AG 	
 ;6DA<7@B7DA=E;F ;>3H7E;67 87DD;F;= 8AE83FW@
A>GG?G@G H7 8AE83F ;>7 D73=E;KA@G
:WL>3@6WD?WFWD H3@97>AG 	 KDW53
>;FAFDA8;= KQD7> 67?;D H7 =R=RDF A=E;F>7K;5;
43=F7D;>7D;@ 4;KAE;F>7D ;P;@67 EGKG@
3DWFW>?3EW@6363:397@;K3K9W@4;D=G>>3@W?W
A>34;>?7=F76;D	
3. PROJE ETÜDÜ 
#Q?RD E3:3EW@63 3FW= =Q?RD FALG ;P7D;
;
3E;6;=EG>3DW@7F=;E;@679Q>7F>7D678R?;=3E;F
H7 :R?;= 3E;F ;P7D7@ H7 F3DW? 3>3@>3DW@W@
;K;>7F;D;>?7E;@67 =G>>3@W>3@ :G?3F ;P7D;=>;
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